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ABSTRACT

The effect of certain parameters on the calculated sodium
void worth in a CRBR model is investigated. The fuel com-
position and the control rods strongly influence the void worth.
The version of delayed data has a less strong but still signifi-
cant impact. With 27 group results as a standard, the void worth
obtained using 21 groups is an unexpectedly small improvement
over the nine group worth.

Comparisons between sodium voiding calculations on the
CRBR model and selected ZPPR voiding results are made. When
the factors above are accounted for, the CRBR calculations are
in satisfactory agreement with ZPPR calculations.
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I. INTRODUCTION

A preliminary calculation of reactivity for extensive sodium voiding

in a Clinch River Breeder Reactor (CRBR) model appeared to be markedly

higher than voiding worths in ZPPR assemblies. The apparent discrepancy

prompted this study of factors affecting the calculated void worth in the

CRBR model and comparisons with ZPPR voiding results.

Background information is presented first and this is followed by

the results. In Section II we describe the calculational method, the

reactor model and cross sections used in the study. In Section III the

effects of several factors on sodium void worth are described. The

factors examined are delayed data and number of broad groups, the presence

of control rods and other regions, and the fuel type. Comparisons with

selected ZPPR results are made in Section 111.5. A summary of results

and conclusions comprise the final section.



II. BACKGROUND

11.1.	 Method 

Void worths were calculated using the two-dimensional diffusion theory

quasistatic kinetics code FX2 (1 ' 2) . The void worths were obtained by

voiding, in a step fashion, a zone of the reactor model. The resulting

transient was followed for a single time step 10 msec. in length. The

reactivity, p, effective delayed neutron fraction, iseff , and the other

kinetics parameters are evaluated at the end of the time step according

to their integral definitions.

The one-step quasistatic reactivity is similar to a static, adiabatic

k-k
reactivity (p - k	 °). The quasistatic and adiabatic flux calculations

differ in two ways: 1) the quasistatic equation contains the time

derivative term, 1 2 - not present in the static equation, and 2) the
v at

quasistatic equation has a time-varying pointwise precursor source whereas

the adiabatic equation has the asymptotic precursor source. The methods

have been found to yield reactivities which agree to within 1%, indicating

that those differences are not important in the CRBR void calculations.

11.2. Reactor Model 

The calculations were performed using an R-Z model of the CRBR.

Figure 1 shows the base case model including region labels and dimensions,

and the spatial mesh. The base case contains a two zone core, blankets,

surrounding regions on all sides and control rods which are partially

inserted in the center and on the flats of the hexagonal ring seven. The

mesh spacing is non uniform but generally is 5-6 cm.
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Beginning of first cycle material compositions were used. Most of

the calculations used LWR-grade mixed oxide fuel but some cases did use

FFTF-grade fuel. The plutonium isotopic ratios for these two fuel types

are shown in Table I. The isotopic composition of each region may be

obtained from data presented in Appendix A.

11.3.	 Cross Sections 

The broad group cross section sets used in the calculations are

based on ENDF/B Version-III data. The sets were generated with material

compositions corresponding to an unvoided, beginning of first cycle CRBR

model fueled with LWR-grade mixed oxide fuel.

A single 212 group cross section set, which excluded fission and

capture resonances, was generated using MC 2 -2 (3) . Then each broad group

set was produced from the 212-group set using the SDX code'. The inner

core, outer core and blanket were treated heterogeneously while a

homogeneous treatment was used for the reflector region. A four region

one-dimensional diffusion theory calculation collapsed the data to a

broad group set.

The lethargy widths for the various broad group sets are shown in

Table II.

Most of the sets have all cross sections at 1100°K. Two, however,

contain cross sections at four different temperatures. For these two sets,

FX2 uses a four point interpolation scheme to obtain fission and capture

cross sections at the user-specified temperature of each region.

The two forms of delayed data used in most of the calculations have

two undesirable properties. The more serious problem is that the delayed

family 1 emission spectrum is used for all families. A minor weakness is

the use of decay constants inconsistent with the precursor yield data;

default values from the ARC System module CSI007 were used (see page 587 of



One of the versions, KBH.DLAY, contains the Batchelor and Hyder

( 235 U) delayed family 1 emission spectrum. Keepin fast fission yield

data are used. The second version, F1V4.DLAY, contains the ENDF/B-

Version-IV 235 U delayed family 1 emission spectrum. The yield data are

from ENDF/B-Version-IV.

A corrected delayed data set, V4.DLAY, was created recently and

was used in a few cases. This data set has family-dependent 239PU

delayed emission spectra from ENDF/B-Version-IV. Version-IV yield data

are also used. The decay constants are the average decay constants for

LWR-grade fuel appearing in Table 4.3-33 of Ref. 5.

4
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III.	 RESULTS

111.1. Effect of Cross Sections 

Many of the calculations in this study used nine group cross

section sets. In contrast, ZPPR calculations typically use about three

times as many groups. In addition, the delayed data in this study are

different from data used in ZPPR analyses.

Sensitivity of the void worth to the number of broad groups and

to the delayed data is shown in Table III. For all of these calculations

the following conditions applied: 1) LWR-grade fuel was used, 2) all

cross sections were at 1100°K and 3) the regions voided were the entire

core and regions above. The percent error entries are errors relative to

the ANL 27 group results using the same delayed data.

Comparison of results using the two nine group sets shows essentially

the same values for all quantities of interest. The two structures differ

only in the lethargy widths of groups eight and nine.

It can be seen from Table III that, as the number of group increases,

the initial k
eff 

increases while p/13 decreases. In steady-state calculations,

the nine group values of keff differ from the 27 group values by approximately

0.15%. The 21 group value has an error one third as large. In the transient

calculations the 21 group results are a surprisingly small improvement over

the nine group values.

The form of delayed data had a negligible impact on k eff • In contrast,

the delayed data did affect reactivity measured in dollars. Between results

using KBH.DLAY and F1V4.DLAY, 5 eff increased by 9-13% leading to reactivity

values which are 15-20C smaller. Using the corrected Version-IV form,

V4.DLAY, increased IS eff 3% over the value using F1V4.DLAY, thus lowering

the reactivity by a few cents. The final case, using the same Keepin and

Batchelor and Nyder data as KBH.DLAY except with a family-dependent



delayed spectrum, had a void worth 5¢ lower than the corresponding case

using KBH.DLAY. These last two results are fortunate since they indicate

that the incorrect delayed spectra did not have serious consequences.

111.2. Effect of Regions Present 

Differences in geometry and structure between the CRBR model and

ZPPR assemblies are numerous. The pin vs plate structure has been explored

in ZPPR experiments. In this section we examine the effect of control rods

and the lower most regions. The base case CRBR model has partially inserted

control rods. In contrast some ZPPR assemblies have no control rods, others

have control positions but no B 4C and still others have parked control rods.

Dimensions and compositions of the upper-most and lower-most regions differ

among ZPPR assemblies and all of these differ from the CRBR model.

The base case model has central and ring seven flats control rods

inserted 62 cm. into the core. The parked rods configuration has all rods

in the upper blanket and plenum with rod tips at the core-blanket interface.

All the control rings below the tips are the same as ring four in the base

case. In the no control rods cases, the rods and control channels are

replaced by the composition of the surrounding region.

For all calculations in this section, the following conditions

applied: 1) the regions voided were the lower blanket, the entire core

and regions above., 2) the WARD nine group cross section structure and

KBH.DLAY data set were used, 3) a time-independent, regionwise-averaged

full power temperature distribution was imposed and 4) the base case

spatial mesh was used.

The results are shown in Table IV. The sensitivity of the void

worth to the control rods is striking. The worth with parked rods is less

than the worth with partially inserted control rods by more than a factor

of two. It is conjectured that differences in the flux gradient are the

6
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primary source of this effect; in Appendix B heuristic explanations of the

control rod effect are given.

The effect of the lower regions is seen by comparing the last two

cases. Removing the rod attachment region and the lower shield reduces the

void worth by 23¢. This also may be attributed to the change in the flux

gradient.

111.3. Effect of Fuel Type 

Most of the calculations in this study used the LWR-grade mixed

oxide fuel composition originally proposed for the CRBR first core. The

ZPPR assemblies use FFTF-grade fuel and the difference in the plutonium

isotopic mix can affect sodium void worth. Accordingly, several cases

were run using FFTF-grade fuel for comparison.

Table V shows the effect of fuel type for different situations,

1) nine groups vs 27 groups and 2) voiding the entire core plus regions

above vs voiding the inner core plus regions above. In all cases the void

worth is approximately 50¢ higher with FFTF-grade fuel.

These results are in general agreement with data in Section 4.3.5

of the PSAR, Ref. 5. The PSAR values of void worth are roughly 70¢ higher

for FFTF-grade fuel.

The six fold smaller 2 "Pu content in the FFTF-grade fuel (replaced

by 239 Pu) is the primary cause of the void worth increase. Trading 23ePu

for 2 "Pu is known to strongly increase the (positive) spectral component

of the void worth il . The change in 2 "Pu content from 19% to 12% is

substantial but this change is not the important factor. Measurements in

ZPR-6 assembly 7 showed little effect on central void worth from high 240pu

content6 . Measurements in ZPPR-4 show an increased void worth in the high

2 "Pu sector but the primary cause there may have been changes in the flux

gradient rather than spectral effects 7 . At a constant fertile-to-fissile



ratio, an increase in the (positive) spectral component of void worth with

increasing 
240nru content is expected.

111.4.111.4.	 Void Worth vs. Zone Voided 

Data on the worth of voids in different regions of the CRBR model

are useful in comparisons with ZPPR experiments. Void worths computed for

four different void zones are presented in Table VI. All calculations for

this table used LWR-grade fuel, the base case model and nine group cross

sections.

Assuming the void worth for a region to be independent of the sodium

concentration in neighboring regions can be a good approximation. For example,

voiding the lower blanket alone, case three, yields a reactivity of -42(t

whereas the worth found by taking the difference between cases one and two

is -43ct. On this basis, cases four and five imply that the void worth for

the outer core plus regions above is -94.

111.5. Specific Comparisons with ZPPR Results 

Two cases have been run which attempt to simulate voiding cases

reported for ZPPR's. An extensive voiding case is also compared.

The first calculation approximates the ZPPR-2 93 drawer voiding

experiment. The model used FFTF-grade fuel and did not contain control

rods or rod positions. The voided central zone, shown in Fig. 2, is

similar to the 93 drawer zone. The void worth calculated using 27 group

cross sections at 1100°K was 90t or p. = 2.85 x 10 -3 . This is 32% higher

than the calculated worth for ZPPR-2, 218 inhours or p = 2.16 x 10-3(8).

The causes of this difference are discussed below.

The second calculation is for a configuration similar to ZPPR-5

Phase A. The model had all control rods parked in the upper axial blanket

and used FFTF-grade fuel. The zone voided is the inner core between the

central control rod channel and the ring four control rod channels. Except

B
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for some voiding in the ZPPR within ring four, this zone is similar to ZPPR-5

zones 1B+1C+1D. The calculation employed 27 group cross sections at 1100°K

and used V4.DLAY delayed data. Table VII shows that the reactivity for this

case is 89. This is 16C or 22% higher than the reactivity reported in

Table XI of Ref. 8. The ZPPR-5 calculations were performed using 28 group

cross sections from ENDF/B-Version IV data.

A very approximate comparison for extensive voiding can be made from

data already presented. Summing the worths for all the void zones in

Table XI of Ref. 9 results in an extensive void in ZPPR-5 Phase A worth

$1.43. A worth for the CRBR may be obtained as follows: starting with the

parked rods case in Table IV (56C), add 42C for the lower blanket not being

voided (Table VI). Then, according to Table III, approximately 30C is

subtracted in going from nine group temperature-dependent cross sections

with KBH.DLAY to 27 group 1100°K cross sections with F1V4.DLAY. Finally

add 50C for FFTF fuel (Table V), resulting in an extensive void worth '41.20.

These two numbers should not be compared directly for at least two

reasons. The ZPPR-5 void did not include half of the outer core and blanket

above and also left unvoided a small ring in the inner core and blanket above

near ring seven. This is probably a net negative void effect which is

present in the CRBR case.

Secondly, the ZPPR-5 analysis was done using Version-IV cross sections

and delayed data and used sodium-out cross sections in voided regions. The

CRBR calculations used Version-III cross sections, only sodium-in values, and

used F1V4.DLAY. Reference 9 indicates void worths approximately 25% higher

with Version-IV data but some of this is due to changes in delayed data and

changes in the SDX processing code.

With these factors in mind, it appears that the CRBR and ZPPR extensive

void worths are consistent.



IV. SUMMARY

A number of factors which significantly affect sodium void worths have

been examined. Accounting for these factors is important when comparing

the CRBR calculations with ZPPR results. Specific comparisons with ZPPR

calculations have been assessed.

The delayed data, through their effect onB eff , have an impact on void

worth. In going from KBH.DLAY to V4.DLAY the worth of an extensive void

decreases by almost 20C or 13%.

Extensive voiding worths calculated with 27 group cross sections are

lower than results obtained with nine group cross sections by 10-15%.

Using 27 group results as a standard, there is a surprisingly small improve-

ment in computed reactivity obtained with 21 groups instead of nine. This

suggests the possibility that 27 groups may not be sufficient, that using

more groups may change the void worth. Alternatively, there may be some

problem with the cross section sets used in the study. This question

should be examined further.

Control rods have been found to strongly affect the void worth. In

the parked rods configuration, the extensive voiding worth is much lower

(> 50%) than in either the rods partially in or no rods configurations.

This indicates that it is very important in making comparisons with ZPPR

results to match the control rod configurations.

The effect of fuel type on sodium void worth also is pronounced. ZPPR

assemblies use FFTF-grade mixed oxide fuel whereas, until recently, LWR-

grade fuel was proposed for the CRBR first core. When the model contains

FFTF-grade fuel, worths for extensive voiding are 50 higher than when the

LWR mix is used.

10
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Comparisons between CRBR calculations in this study and analogous

ZPPR voiding cases show satisfactory agreement. The CRBR results are

consistently higher than the corresponding ZPPR cases but the differences

are less than 35%.

There are numerous factors which may cause these differences. The

ZPPR plate structure vs. the CRBR pin structure is one factor; Table XI

of Ref. 9 indicates that void worths are higher in a pin matrix. The

temperature difference between the zero power assemblies and the CRBR

models is another factor; nine group calculations have shown that changing

the CRBR fuel temperature from a full power distribution (inner core

1395°K; outer core 1256°K) to a constant 1100°K reduces the extensive void

worth by eight cents. Other factors which may contribute include use of

different cross section modeling and data as well as region composition

and dimension differences between the CRBR model and the ZPPR assemblies.
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TABLE I. Ratio of Plutonium Isotopes in Fuel Types

[44

FFTF-Grade LWR-Grade

2 38PU 0.010

239pu 0.864 0.673

240pu 0.117 0.192

241pu 0.017 0.101

242pu 0.002 0.024

13



TABLE II. Group Lethargy Widths of Cross Section Sets

Set

Group

WARD9 ANL9 21 ANL27

1 1.5 1.5 0.5 0.5

2 1.0 1.0 0.5 0.5

3 1.5 1.5 0.5 0.5

4 1.5 1.5 0.5 0.5

5 1.5 1.5 0.5 0.5

6 1.5 1.5 0.5 0.5

7 1.5 1.5 0.5 0.5

8 6.5 4.5 0.5 0.5

9 0.5 0.5

10 0.5 0.5

11 0.5 0.5

12 0.5 0.5

13 0.5 0.5

14 0.5 0.5

15 0.5 0.5

16 0.5 0.5
17 0.5 0.5
18 1.0 0.5
19 2.0 0.5
20 3.0 0.5
21 0.5
22 1.0
23 1.3
24 1.0
25 1.0
26 1.0
27

14



TABLE III. Cross Section Comparison for Extensive Voiding in CRBR

Cross Sections
Steady State

Multiplication Factor Reactivity	 (Dollars) p x io B x 103

Delayed Version Group Structure k
eff

% Error PM % Error

KBH.DLAY WARD9G 0.9941 0.15 1.57 9.8 4.99 3.18
KBH.DLAY 216 0.9950 0.06 1.54 7.7 4.75 3.08
KBH.DLAY ANL27G 0.9956 1.43 - 4.40 3.08

F1V4.DLAY WARD9G 0.9940 0.14 1.42 14.5 4.99 3.50
F1V4.DLAY ANL9G 0.9940 0.14 1.42 14.5 4.99 3.50
F1V4.DLAY 216 0.9949 0.05 1.34 8.1 4.75 3.54
F1V4.DLAY ANL27G 0.9954 1.24 4.39 3.54

V4.DLAY WARD9G 0.9941 1 . 39 4.99 3.60
NEW.KBH.DLAY WARD9G 0.9942 1.52 4.99 3.29



TABLE IV. Void Worth vs Regions Present in the CRBR Model

Initial

Case	 Departure from Base Case Model 	 Reactivity (Dollars)	
keff

1	 Base Case (Central CR. and Ring 7 Flat CR's	 1.22	 0.995

Partially in Core)

2	 All Control Rods Parked in Upper Blanket 	 0.56	 1.039

3	 No Control Rods Present	 1.39	 1.090

4	 No Control Rods, Shield or Rod Attachment 	 1.16	 1.089
Regions Present

16



1.24 4.39
1.76 5.70

1.42 4.99
1.93 6.17

2.39 8.29
2.89 9.15

TABLE V. Effect of Fuel Type on Void Worth

Fuel Type	 Cross Sections	 Voided Regions

LWR	 ANL27G, F1V4.DLAY	 Core and Regions
FFTF	 ANL27G, F1V4.DLAY	 Above

LWR	 WARD9G, F1V4.DLAY	 Core and Regions
FFTF	 WARD9G, F1V4.DLAY	 Above

LWR	 WARD9G, F1V4.DLAY	 Inner Core and
FFTF	 WARD9G, F1V4.DLAY	 Regions Above

Reactivity
(Dollars)	 p x 10 -3	6 x 10-3	Initial k

eff

	3.54
	

0.9954

	

3.24
	

0.9929

	

3.50
	

0.9940

	

3.20
	

0.9914

3.47
3.17



ajo

TABLE VI. Voided Zone vs Void Worth

Case Voided Regions Cross Sections
Temperature

Profile
Reactivity
(Dollars) p x 10 -3 6 x 10 -3 Initial	 k eff

1 Lower Blanket + Core WARD9G, KBH.DLAY Full	 Power 1.22 3.89 3.18 0.9948

+ Regions Above

2 Core + Regions Above WARD9G, KBH.DLAY Full	 Power 1.65 0.9948

3 Lower Blanket WARD9G, KBH.DLAY Full Power -0.42 -1.27 3.07 0.9948

4 Core + Regions Above WARD9G,F1V4.DLAY 1100°K 1.42 4.99 3.50 0.9940

5 Inner Core + Regions WARD9G, F1V4.DLAY 1100°K 2.39 8.29 3.47 0.9940

Above



TABLE VII. Specific Comparisons with ZPPR Calculations

Voided Regions	 Cross Sections

	

ZPPR-2 "93 Drawer" Zone	 270, F1V4.DLAY

	

ZPPR Calculations	 270 ENDF/B V3

ZPPR5 Zones "18 + 1C + 10"	 270, V4.DLAY

	

ZPPR Calculations	 280, V4

Reactivity
(Dollars)

0.901

0.890

0.733
2

Initial
p x 103
	

8 x 103	
keff

2.85
	

3.16	 1.087

2.16
1

2.91	 3.27	 1.0375

'Reference 8 Table VIII

2
Reference 9 Table XI
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Region Number Region Label Comments

1
2

SHIELD
RODATT

Lower shield
Rod attachment

3 LAXBKT Lower axial	 blanket
4 OUCORE Outer core
5 INCORE Inner core
6 UAXBKT Upper axial	 blanket
7 FGPLEN Fission gas	 plenum
8 RATBKT Rod attachment
9 LAEBKT Radial	 blanket-lower extension
10 RDLBKT Radial	 blanket
11 UAEBKT Radial	 blanket-upper extension
12 FGPBKT Fission gas	 plenum
13 RDLREF Radial	 reflector
14 RDLRST Radial	 restraint

Control	 rod regions;	 first 3 label
characters specify function and last
3 specify rod ring

15-18 SHDCR1-SHDCR4 Shield
19-22 SODCR1-SODCR4 Sodium-filled channel

23-26 RATCR1-RATCR4 Rod attachment

27-30 LPLCR1-LPLCR4 Lower plenum

31-34 B4CCR1-B4CCR4 Boron control	 rods

35,36 UPLCR1,UPLCR3 Upper plenum

CR1 = central	 control	 rod channel
CR2 = hex.	 ring 4 control	 rod channel

CR3 =	 flats of hex.	 ring 7 control	 rod

channel
CR4 = corners of hex. ring 7 control

rod channels

Fig. 1. Base Case CRBR Model (Contd.)
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APPENDIX A

This Appendix contains data for determining the isotopic composition

of all regions in the model.

The atom density of isotope I in region R, N(I,R), is the sum of

products. The sum is over all materials M which are in region R and which

contain isotope I. The product is N(M,I) from A.FNIP Type 13 input times

F(M,R) from A.FNIP Type 14 input; N(I,R) =	 N(M,I)*F(M,R).

The first three characters of the isotope label are the relevent ones.

The first two characters are the chemical symbol and the third character

is the last digit of the atomic mass number (if one isotope). For example,

U-5 means 235 U, PUO refers to 240nru and FEN refers to naturally occurring

Fe.
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A.FNIp	 TYPE	 13

APPENDIX A.

CARU	 IkpuI

13 oKTFuL	 F:iEL 5.0751-5	 Q-bAU
13 $1 F: 	 FIJEL 2.302E-2	 Li-F,Ab
13 oKTF-111_	 FUEL 4. f,14E-2	 U-o4b
13 IC SS	 STEEL 5.480E-2	 FE -AI

1CSs	 STEEL 1.591E-2	 CRAI
13 ICS'S	 STEEL 1.0871-2	 w1,A1
13 IC SS	 STEEL 1.232E-3	 mr%Al
13 ICss	 STEEL 1.505E-3	 mriAl
13 UCSS	 STEEL 5.490E-2	 FE,4Au
13 UCSS	 STEEL 1.591E-2	 CRNAU
13 LICSS	 STEEL 1.C87E-2	 ,IRAu

LICSS	 STEEL 1.732E-3	 ''.AU
13 UCIS	 STEEL 1.5)5E-3	 -r54LI
13 BKISS	 STEEL 5.480E-2	 FE-,mb
13 6KTss	 STEEL 1.591E-2	 CP
13 aKTss	 STEEL 1.087E-2	 NI,Ab
13 6KTSS	 STEEL 1.732E-3	 MryAb
13 K1 SS	 STEEL 1.505E-3	 mN6Ab
13 kRSTSS	 STEEL 6.131E-3	 FENAK
13 kRSTSs	 STEEL 1.459E-2 cR%8R
13 RRSTSS	 STEEL 6.463E-2	 N11\AK
13 kREFSS	 STEEL 4.761E-2	 FENAK
13 KREFSS	 STEEL 1.57 6 E-2	 CR'•A14
13 RREFSS	 STEEL 1.914E-2	 NINAR
13 RREFSS	 STEEL 1.049E-3 WINAK
13 PREESS	 STEEL 1.263E-3	 m%)A14
13 LREPSS	 STEEL 5.509E-2	 TENAK
13 LREPSS	 STEEL 1.59 9 E-2	 cpNAR
13 LREPSS	 STEEL 1.093E-3	 Air.AR
13 LREFSS	 STEEL 1.23 6E-3	 moNAR
13 LREFSS	 STEEL 1•514E-2	 MN5AK
13 PL.SS	 STEEL 5.49'n E-2	 FFNAR
13 RLoSS	 STEEL 1.596E-2	 CRNAR
13 R LmSS	 STEEL 1.05 6 E-2	 N1NAK
13 PLoSs	 STEEL 1.146E-3	 MnNAK
13 PL0SS	 STEEL 1.516E-3	 m45AK
13 ICSODCUnOT 2.205E-2	 ,3A1
13 UCS9uCIPLNT 2.207E-2	 NA3AU
13 8RISfloCCrLNT 2.22 6 E-2	 NA3Ab
13 REE5q0000LNT 2.254E-2	 NA3AK
13 ICNk4cC014TRL 1.961E-2	 6-CAL
13 ICN,.,4cCCINTRL 1. 9 52E-2	 6-1A1
13 ICNo4CCCIJTRL 2.591E-2	 C-AL
13 ERN84crouTRL 1.961E-2	 B-CAb
13 8RNR4cCCP-JRL 7.952E-2	 9-1Ad
13 brolb4cCO'ITRL 2.591E-2	 C-2L
13 ERE1,4CCONTRL 3.963E-2	 6-UAd
13 81(E440CWITRL 5.962E-2	 i-lAb
13 bRER4cCONTRL 2.593E-2	 C-2Ab



A.FN1F	 TY P E	 13	 CAFIL)	 INI2UT

IE	 Lvi R -GRADE	 FUFL

13 ICFUL FUEL 3.971E-5 P,fliAl
13 1CFUL FUEL 2.672E-3 pu9A1
13 ICFuL FUEL 7.623E-4 puoAl
13 ICFUL FUEL PI
13 ICHIL FOEL
13 ICFoL FLIEL 1.231E- 4 u-5A1
13 ICFUL FUEL 1.721E-2 u—hAl
13 ICF0L FUEL 4.176E-2 u-6A1
13 OCF-UL FuEL 5.806E-5 PudAu
13 L1CFuL FUEL 3.907E-3 PUVAO
13 UCFuL FUEL 1.115E-3 Poutio
13 ()CFA F(IEL 5.864E-4 P01Au
13 OCFuL FUEL 1.394E-4 pu2Au
13 uCFuL FUEL 1.114E-4 1-5A0
13 UCFuE FUEL 1.55 a E- -1 1J-8AU
13 UCFAL FUEL 4.212 F -2 U—bilu

IF- FF IF —GPArl FUEL

13 1CFUL FUEL 3.211E-3 vu9A1
13 ICFUL FUEL 4.356F- 4 Pu0/11
13 ICFA FuEL 6.330E-5 PulAl
13 1CFOL FLEL 7.447E-6 pu2A1
13 IcFAE FbEL 1.243E-4 u..5A1
13 IC-IL FUEL 1.732E-2 u—sini
13 !CFA Ff_:EL 4.234E-2 U-641
13 LiCFoE FUEL 4.714E-3 PII9AU
13 ucFul. FL'EL .3841-4
13 ucF,AL FUEL 9.275E-5 PuiAu
13 UCFuL FUEL 1.091E-5 pu2Au
13 uCFuL FuEL 1.136E-4 u—bAu
13 UCFJL FUEL 1.580E-2 u—t,Au
13 uCFAL FUEL 4.274E-2 fi-6Au
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14
14

A.PNIP	 TyPE	 14	 CARD	 INPUT

R	 /	 F(0.01:03	 M

SHIELDLREFSS	 .8316REF$U1)
KUDATTLkEF55	 .3518REFSUU

M

.6482

F(AAR)

14 LAX,IKTIIKTFUL .3279	 80'55 .2348BKTSOn .4240
14 UUCUkE °MI. .3312	 005 .2344	 OcSOU ,4169
14 INCRRE	 ICFUL .1324	 I05 .2345	 l(SnD .4167
14 UAX81088TF.:111 .3273	 8055 .2542PKT50O 0821
14 FGPLEN	 PLH55 .2846REFSUU .4152
14 RAT8KT1REFSS .4081RErsuU .5919
14 LALLIKIRKTFUL •5729 8055 .15d68KTSIID .2588
14 RuL6K1TIKTFUL •5725	 kloss .15866KiSno .2546
14 1J4E4101101,UL .5725 BOSS .1693bK7Sn0 .2397
14 F(AdKT	 PL.5S .19088EF5uU .2534
14 ROLREFRRFFSS .88964EFS1J0 .11U4
14 ROLP51RRS1.SS .693yRFF5OU .1055
14 S4ULRI1kEE55 •7800REFSUU .220
14 SLIOCRI	 RKT5S .09448815UU .90D6
14 8411k1	 61CTSS .485088T5UU •5150
14 LPLCR1	 IC5S •3604	 IC5UU •3345
14 64CC811CAL4C .3174	 IC55 •32 h 7 	 IcS00 .3323
14 UPLCR11.8F-S5 .34988LF5uU •3312ICn84C 0.0
14 SMUCR2L8F555 .76poREFSuu .22.0
14 SUDCR2	 TCSS .0944	 IC5U1) .9056
14 RA7Cp2	 IcS5 .4850 10" ,5150
14 LPLCK2	 105 .3607	 IOUU .3340
14 84CCR2RKE34C .3172	 liKT5b .32 n tlElicr5nn • 3335
14 SHOCN3I_REF5S .7800REFSOU .2200
14 5U0CR3	 KT55 .09448KT5r10 .9(.56
14 84TCk3	 8KTSS •48508K15U0 .5150
14 LPLC33	 1L5S •3604	 105d0 •3345
14 84CC831CUE4C .3173	 ICSS .3287	 1c500 .3323
14 NPLCR3LRF"S •3498REFSW .3312
14 SHOCR4LREFSS .7800REr5u0 .2200
14 SUUCR4	 ' I CS'S •J944	 1JC5(i0 .9056
14 RAICR4	 0055 .4850	 Oc51JU .5150

14 LPLC44	 005 •1607	 0C5nU .3340
14 84CCR48K184C •3171	 8055 .321°E,KT$nn .3336



APPENDIX B

The effect of regions present in the model on the sodium void worth may

be explained qualitatively on the basis of the different flux gradients in

the alternative configurations.

In the perturbation expression for reactivity (see, for example,

Eq. 7.6.17 of Ref. 10), the leakage change operator, 6D, operates on the

gradient of the initial flux shape, N)0 • Thus, for a given 6D, the

smaller k is, the smaller will be the (negative) leakage term and the more
positive the reactivity will be.

In case 3 of Table IV vs. case 4, the presence of the lower structure

makes the flux gradient smaller in the lower blanket and in the lower portion

of the core. This makes the leakage component of the reactivity smaller and

the net reactivity more positive.

For cases 1, 2 and 3 of Table IV, the initial group 7 flux in radial

mesh interval 2 is shown in Fig. 3. The gradient in the core is clearly

much larger for case 2 than for the other cases. The gradient is so large

because the absence of rods in the core allows a high flux there while the

presence of rods in the upper blanket supresses the flux in that region.

Thus the leakage component is large in case 2 and the net reactivity is much

less positive.

The implication of the gradient differences between cases 1 and 3 (see

Fig. 3) is unclear but then the difference in void worth between the two

cases is not large. Comparing cases 1 and 3 is complicated by the difference

in the voided region. In case 1, the control rod channels are not voided and

this affects 6D, 6A etc. This factor tends to make the reactivity lower for

case 1 but the magnitude of the effect is small since the rod channels are

small.
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